Abstract: Whether ethylene is involved in morphological changes due to clomeprop [2-(2, 4-dichloro-m-tolyloxy) propionanilide] was examined to further determine the mode of action of the herbicide in radish seedlings. Aminooxyacetic acid (AQA), an 1-aminocyclopropane-1-carboxylic acid (ACC) synthase inhibitor, arrested clomeprop-or its hydrolyzed product, 2-(2, 4-dichloro-mtolyloxy) propionic acid (DMPA)-induced morphological changes in radish seedlings, such as leaf curling and epinasty to some extent. These morphological changes were considerably reduced when 2, 5-norbornadiene (NBD), a competitive ethylene binding inhibitor, was applied after clomeprop or DMPA treatment. Ethephon (2-chloroethylphosphonic acid), an ethylene releasing agent, inhibited elongation of the first leaves. The enhancement of ethylene evolution by domeprop occurred later than DMPA. ACC synthase, which converts S-adenosylmethionine (SAM) to ehtylene precursor ACC, was activated by clomeprop and DMPA, however, ACC oxidase, the enzyme that converts ACC to ethylene, was not activated by either substance. These results suggest that domeprop is hydrolyzed to DMPA and then promotes ethylene production by activating ACC synthase. Accumulated ethylene might be responsible for clomeprop-induced morphological changes in radish seedlings.
Introduction
The herbicide clomeprop [2-(2, 4-dichlorom-tolyloxy) propionanilide] selectively controls many species of annual broad-leaved and several perennial weeds in rice paddy fields16). Clomeprop in plants is known to be hydrolyzed at the acylamide bond by arylacylamidase, resulting in its hydrolytic metabolite 2-(2, 4-dichloro-m-tolyloxy)
propionic acid (DMPA) 8, 23, 24) . This is similar to the case of naproanilide, 2-(2-naphthyloxy)
propionanilide13,19) DMPA was reported to have stronger auxinic and herbicidal activity than clomeprop14, 16, 17, 25) . It is assumed18,25) that clomeprop itself might not be an active compound in the auxinic and herbicidal activity. We earlier reported17) that clomeprop and DMPA enhanced ethylene production and that DMPA bound with the maize auxin-binding protein, while clomeprop did not. In other words, DMPA, but not clomeprop, was recognized as an auxin by the putative membrane-bound auxin receptor. We thus suggested that clomeprop itself was not an active compound in hormonal aciton and that the putative auxin receptor ). An aliquot of NBD solution (0.1ml) was added to the beaker through the ParafilmTM with a syringe.
Follow this treatment, the plants were placed in the growth chamber, and morphological changes were observed.
Ethylene evolution
The radish seedlings were transferred into 100ml tall beakers containing 50ml nutrient solution immediately after being treated as described.
The beakers were tightly sealed with ParafilmTM and placed in the growth chamber. Ethylene content in the beakers was measured using a gas chromatograph (Shimadzu GC-7A) equipped with a glass column of Unipack S (GL Science Co. 3mmx 2m) and a hydrogen flame ionization detector (FID). Conditions of the gas chromatography were as follows: oven temperature, 60C; injection temperature, 120C; carrier gas (N2) flow rate, 50ml/min; and H2 pressure, 0.5kg/cm2.
Gas samples (1ml) were withdrawn from each beaker with a syringe over a set time course and injected into the gas chromatograph. HgCl2 solution.
The vials were sealed with ParafilmTM and 0.2ml of an icecold mixture of 5% NaOCI: saturated NaOH (2:1V/V) was injected by a syringe.
It was then mixed for 10 seconds and incubated at 30C for 10min. Ethylene content in the vials was quantified by gas chromatography. Termination was carried out at 4C or on ice.
ACC oxidase activity ACC oxidase activity was determined according to the procedure of Hall et al.4).
Fifty leaf discs (5mm in diameter) were taken from the treated seedlings as described above and placed in 20ml vials with 1ml of 1 mM AOA. The vials were tightly sealed with a silicone stopper and then incubated at 30C for 4hr in darkness.
Ethylene in the vials was measured continuously until endogenous ethylene production declined to zero, then 0.5ml of 1mM ACC was put into the vials. They were incubated at 30C for 1 hr or 3hr and ethylene content was determined.
All of the experiments in this study were performed in duplicate and repeated at least twice.
Results and Discussion
Effect of ethylene biosynthesis modulator on clomepropor DMPA-induced morphological changes in radish seedlings Fig. 1 All the above results suggest that the ethylene biosynthesis pathway is involved in clomeprop and DMPA action. Values are shown as the mean of 2 experiments+SE. Shoot-applied clomeprop and DMPA also increased ethylene production in radish seedlings (Fig. 3) . However, the enhancement of ethylene evolution by clomeprop occurred later and to a lesser degree than DMPA.
DMPA gradually enhanced ethylene production after 3hr and this was accelerated after 12hr. In contrast, clear enhancement by clomeprop was observed after 24hr. This supports our previous report17) in which the hydrolytic metabolite DMPA, not clomeprop, was shown to be an active compound. Pretreated AOA inhibited ethylene evolution by 30-60% in both the clomeprop or DMPAtreated plants for the duration of the experiments (Fig. 3) .
These data suggest that clomeprop and DMPA act on the ethylene biosynthesis path- 
